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Experimental
and hoechst 33258 were all purchased from Sigma-Aldrich. Polycarbonate (PC) membrane with a pore diameter of 100 nm (Whatman, Fisher Scientific) was used in vesicle extrusion. Cholesterol functionalized and unfunctionalized oligonucleotides were synthesized by Takara Bio (Dalian, China). Peptides used in this study were synthesized by Top-peptide Co., Ltd (Shanghai, China).
Buffer solution containing 10 mM Tris-HCl and 140 mM NaCl (pH 7.4) was prepared with deionized water, all of the regents used to prepare buffer solutions were obtained from SigmaAldrich.
Cell Culture
L1210 cells (Murine lymphocyte leukemia cell line) were cultured in RPMI-1640 medium supplemented with 10% v/v FBS (fetal calf serum), 1% penicillin, 1% streptomycin and 2 mM glutamine as a complete growth medium. Cells were maintained in tissue culture dish with 10 mL of medium and were incubated at 37 °C in an incubator with 5% v/v CO 2 in humidified atmosphere.
Every 2 days the cells were subcultured by splitting the culture with fresh medium.
HeLa cells (Human cervix cancinoma cell line) were cultured in MEM medium containing 10%
v/v FBS, 1% penicillin, 1% streptomycin and 2 mM glutamine at 37 °C , in a humidified atmosphere containing 5% v/v CO 2 . Replacement of the medium was carried out every 2 to 3 days. After S4 reaching 70-80% of confluence, cells were detached using trypsin-EDTA solution and centrifuged (1100 rpm) at 25 °C for 3 min. Cells were then washed and 2×10 7 cells per big petri dish were used to subculture.
Preparation and characterization of HRP encapsulated liposomes
DOPC, DOPE and cholesterol were mixed with an optimized molar ratio of 50:25:25 in chloroform in a 5 mL glass vial. 1 Fluorescent lipids (NBD-PE or Rh-PE) were added with desired molar ratio. Then chloroform was evaporated with a rotary evaporator, and the lipid film was thoroughly dried under a stream of N 2 . Small unilamellar vesicles (SUVs) were prepared by hydrating the lipid film with 10 mM Tris-HCl buffer containing 140 mM NaCl (pH 7.4) to form a final lipid concentration of 5 mg/mL, then agitated for half an hour with a magnetic stirrer and extruded about 25 times through a 100 nm polycarbonate (PC) membrane. The averaged diameter of vesicles was measured by dynamic light scattering (DLS, Malvern, Nano-ZS90) (Fig. S1 ).
To prepare protein encapsulated liposomes for membrane fusion experiments, 1% molar NBD-PE was introduced, and 50 μM HRP solution (prepared by 10 mM Tris-HCl buffer, 140 mM NaCl, pH Untrapped HRP was removed by three times dialysis (12 h/per time) through cellulose ester dialysis membranes under 4 °C with 10 mM Tris-HCl, 140 mM NaCl (pH 7.4) as dialysate. The liposomes encapsulated HRP were kept at 4 °C and used within 48 h. Similar method was applied for preparing Cytochrome C containing liposomes, except that the dried lipid film was hydrated by 100 μM Cytochrome C solution (prepared by 10 mM Tris-HCl buffer, 140 mM NaCl, pH 7.4).
Membrane fusion between liposomes and live cells
NBD labeled liposomes containing HRP were preincubated with appropriate amounts of anchor 2 for 2 h to achieve an average copy number of 100 cholesterol-DNA per vesicle 2 MβCD for 30 min in complete medium, 3 then washed three times with serum free medium.
Following procedures were the same as described above.
Membrane fusion experiments under CPZ treatment: Cells were preincubated with 5 μg/mL CPZ for 30 min in complete medium. 3 The procedures were the same as described above, except that performing with serum free medium containing 5 μg/mL CPZ.
Membrane fusion experiments under 4 ℃ treatment: In this section, the anchor 1 modified cells were incubated with anchor 2-decorated NBD labeled liposomes containing HRP for 30 min at 4 °C .
Other procedures were the same as described above.
Toxicity measurements
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The toxicity of cholesterol-functionalized DNA and liposomes to cell was determined via cellular viability assay based on MTT colorimetry. 3 For L1210 cell, after desired treatments (Fig. S5 ), the cells were seeded in a 48 well-plate (10 4 cells per well, 5 wells per treatment) and incubated in complete medium for 48 hours. Then, 50 μL MTT (5 mg/mL) was added to each well and incubated for 4 h at 37 °C . After that, 400 μL 10% SDS in deionized water was introduced into each well and incubated overnight. The cellular viability was validated by microplate reader (BioTek, Synergy H1).
For HeLa cell, the cells were pre-seeded in a 48 well-plate at a concentration of 10 4 cells per well (5 wells per treatment), while other subsequent process was similar with that of L1210 cell.
DNA hybridization mediated directing docking and fusion in mixed systems
For ternary systems, 2×10 6 cells (L1210) were suspended in 100 μL serum free medium 
Reversible docking by strand displacement reaction
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NBD labeled liposomes were preincubated with appropriate amounts of anchor 5 (Table S2) 
Sequential docking by hybridization chain reaction
The DNA sequence design in hybridization chain reaction comes from previous report (Supporting information, Table S3 ). 4 NBD labeled and Rh labeled liposomes (B and C) were preincubated with appropriate amounts of inducer strands and H2 strands (Supporting information, Table S3 ), respectively, for 2h to achieve an average copy number of 100 cholesterol-DNA per vesicle and a final lipid concentration of 1 mg/mL. Then, 2×10 6 L1210 cells (stained by hoechst 33258) in 100 μL were mixed with 2.5 μL of 100 μM H1 strands. After incubating under shock on thermostatic oscillator (400 rpm) for 10 min at 37 °C , excess H1 strands were removed by twice centrifugation at 1300 g for 3 min. Then the H1 strands modified cells were resuspended in 60 μL serum free medium and incubated with 20 μL inducer strands decorated NBD labeled liposome B and 20 μL H2 strands decorated Rh labeled liposome C for 30 min at 37 °C . After that, excess liposome B and C were removed and imaging the cells by confocal microscopy. 488 nm and 561 nm laser were used to excite NBD and Rh, respectively. Control experiments with desired treatments were performed simultaneously (see Fig. S22 ). Leica application suite advanced fluorescence software and Image J were used for image analysis.
Regulating cell fate with direct cytoplasm delivery of Cytochrome C S8 NBD labeled liposomes containing Cytochrome C were preincubated with appropriate amounts of anchor 2 for 2h to achieve an average copy number of 100 cholesterol-DNA per vesicle and a final lipid concentration of 1 mg/mL. After that, the same procedure as described in the membrane fusion experiment between live cells and liposomes containing HRP was performed with L1210 cell and HeLa cell. Then the cellular viability was determined with the procedure of MTT colorimetry as described above. Control experiments were performed simultaneously.
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Supporting tables Table S1 . Table S2 ) for 30 min, after removing excess liposomes by centrifugation, confocal imaging were performed at indicated time.
Scale bar:15 μm. 
